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1
WIRE-BONDING APPARATUS AND
METHOD OF WIRE BONDING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2013/080501, filed on Nov. 12,
2013, which claims priority under 35 U.S.C §119(a) to
Patent Application No. 2012-252226, filed in Japan on Nov.
16, 2012, all of which are hereby expressly incorporated by
reference into the present application.

TECHNICAL FIELD

The present invention relates to an apparatus and a
method capable of performing wire bonding using a capil-

lary.
BACKGROUND ART

A wire-bonding apparatus is used for connecting between
a lead of a substrate and a pad of a chip with a fine wire, for
example. The wire bonding is performed in the following
manner. Specifically, a wire along with a tool for wire
bonding is caused to move down toward a lead. The wire and
the tool are first moved down at high speed, and then slowed
down when they come closer to the lead. The low-speed
lowering at this time is referred to as first searching (1’st
searching). Then, the wire is pressed against the lead by a tip
of the tool, and the wire and the lead are bonded while
ultrasonic vibration is applied. This bonding is referred to as
first bonding (1°st bonding). After the first bonding, the tool
is moved upward to feed the wire and moved above a pad
while forming an appropriate loop. When the tool comes
above the pad, the tool is moved down. The wire is first
moved down at high speed, and then slowed down when it
comes closer to the pad. The low-speed lowering at this time
is referred to as second searching (2°nd searching). Then, the
wire is pressed against the pad by the tip of the tool, and
second bonding (2°nd bonding) is performed by bonding the
wire and the pad while ultrasonic vibration is applied. After
the second bonding, the tool is moved upward while the
movement of the wire is stopped by a wire clamper to cause
the wire to be disconnected at the second bonding point.
Repeating this, a plurality of leads of a substrate and a
plurality of pads of a chip are connected. Here, heating may
be performed appropriately during the first bonding and the
second bonding. Moreover, the first bonding may be per-
formed to the pads, and the second bonding may be per-
formed to the leads.

As described above, in the wire bonding, two bonding
including the first bonding and the second bonding are
performed. Unfortunately, however, there is a case in which
the first bonding or the second bonding is not normally
performed. Further, there may be a case in which, as the first
bonding is insufficient, the wire is separated from the lead at
the stage of the loop formation before the second bonding.
There may also be a case in which the wire is disconnected
in the middle of the loop formation even if the first bonding
has been normally performed. These phenomena are collec-
tively referred to as nonsticking, and detection of such
nonsticking is required to be performed at an early stage. In
order to detect nonsticking, a voltage or a current is applied
between a side of the substrate and a side of the wire of the
tool, and nonsticking is determined based on whether or not
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a resistance component, a diode component, and a capaci-
tance component between these sides are normal.

Known methods of wire bonding include a ball bonding
method and a wedge bonding method.

In the ball bonding method, a gold wire or the like with
which a FAB (Free Air Ball) may be formed by high-voltage
spark or the like is used, and a capillary having a chamfer
portion rotationally symmetric about an axis along a longi-
tudinal direction at its tip is used as a tool.

In the wedge bonding method, an aluminum wire or the
like is used and any FAB is formed, and a tool for wedge
bonding having a wire feed guide and a pressing surface at
its tip is used as a tool for bonding instead of a capillary. In
the wedge bonding, at the tip of the tool, the wire is fed along
the wire feed guide at an angle on a side of the pressing
surface, and a side surface of the wire is pressed against a
bonding target with the pressing surface so as to perform
bonding. Therefore, the wire projects laterally from the
pressing surface by the tip of the tool, and the tip of the tool
is not rotationally symmetric about the axis along a longi-
tudinal direction.

As the tip of the tool for wedge bonding is not rotationally
symmetric, there is a case in which a direction of the wire
feed guide may not be aligned with a direction of connection
of'the wire as it is depending on the arrangement of the pads
and the leads. Accordingly, a bonding head that holds the
tool is configured as a rotary type, or a bonding stage that
holds the bonding target is rotated. Thus, there is proposed
a method of using a capillary having a rotationally symmet-
ric tip, and of pressing the side of the wire with the tip of the
capillary to perform bonding.

SUMMARY OF INVENTION
Technical Problems

In the wedge bonding method, an aluminum wire whose
stretching property is smaller than that of a gold wire.
Therefore, there is a case in which a wire is disconnected
while the wire is fed toward a second bonding point after
wire bonding at a first bonding point is normally performed.
It is possible to determine whether or not a wire is nonstick-
ing or disconnected based on a response of an application of
an electrical signal applied between a bonding target and the
wire.

The determination on nonsticking and disconnection is
usually performed at the first bonding point or at the second
bonding point, as this determination is used for determining
whether or not bonding is normally made after ultrasonic
energy is applied to bond. As described above, disconnec-
tion of the wire between the first bonding point and the
second bonding point can be detected by performing the
determination on nonsticking before bonding at the second
bonding point. Unfortunately, when a capillary is moved
down in order to perform bonding at the second bonding
point, the wire that is prematurely disconnected and pro-
jecting from the capillary is also moved down. If the wire is
brought into contact with a bonding target, the wire can be
erroneously determined to be bonded to the bonding target.

Thus, performing wire bonding at the second bonding
point without detecting that the wire has been prematurely
disconnected due to the erroneous determination contributes
to defective products.

An object of the present invention is to provide a wire-
bonding apparatus and a wire bonding method capable of
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correctly determining whether or not a wire is disconnected
between a first bonding point and a second bonding point.

Solution to Problems

A wire-bonding apparatus according to the present inven-
tion includes: a first bonding unit configured to bond a wire
to a bonding target at a first bonding point of wire bonding;
and a nonsticking monitoring unit configured to monitor
connection between the wire and the bonding target and
determine whether or not the connection changes, the moni-
toring and the determination being made based on a con-
tinuous response to a continuous application of a predeter-
mined electrical signal between the wire held by a capillary
and the bonding target during a predetermined continuous
monitoring period after the first bonding operation.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the predetermined continuous monitoring period is a period
during which the wire is fed from the first bonding point to
a second bonding point for the wire bonding after the first
bonding operation.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the nonsticking monitoring unit applies a predetermined
electrical signal between the wire held by the capillary and
the bonding target, obtains a capacitance value between the
wire held by the capillary and the bonding target, determines
that the wire is disconnected from the bonding target when
the capacitance value decreases after the first bonding opera-
tion, and determines that the disconnected wire drops down
and is brought into contact with the bonding target when the
capacitance value returns to an original value before reach-
ing the second bonding point.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the predetermined electrical signal is one of an alternating-
current electrical signal and a direct-current pulsed signal.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the nonsticking monitoring unit determines whether the
capacitance value has decreased or returned based on a
differential value obtained by differentiating the obtained
capacitance value with respect to time.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the wire bonding at the first bonding point and the second
bonding point is performed according to a wedge bonding
method.

Further, a wire bonding method according to the present
invention includes: a first bonding step of bonding a wire to
a bonding target at a first bonding point of wire bonding; a
continuous monitoring step of continuously applying a pre-
determined electrical signal between the wire held by a
capillary and the bonding target to obtain a change in a
capacitance value between the wire held by the capillary and
the bonding target, the continuous monitoring step being
performed after the first bonding operation and during a
period in which the wire is fed from the first bonding point
to a second bonding point of the wire bonding; and a
premature disconnection determination step of determining
that the wire is prematurely disconnected when the capaci-
tance value decreases after the first bonding operation, and
of determining that the wire that has been prematurely
disconnected drops down and is brought into contact with
the bonding target when the capacitance value returns before
the second bonding point.
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Further, it is preferable that the wire bonding method
according to the present invention be configured such that
the predetermined electrical signal is one of an alternating-
current electrical signal and a direct-current pulsed signal.

A wire-bonding apparatus according to the present inven-
tion includes: a first bonding unit configured to bond a wire
to a first bonding target at a first bonding point of wire
bonding; a loop forming unit configured to move the wire
from the first bonding point to a second bonding point while
the wire is fed to form a predetermined loop; a second
bonding unit configured to bond the wire to a second
bonding target at the second bonding point; and a nonstick-
ing monitoring unit configured to monitor a connecting state
of the wire and determine whether or not the connecting
state changes, the monitoring and the determination being
made based on a continuous response to a continuous
application of a predetermined electrical signal between the
wire held by a capillary and a bonding stage for supporting
the first bonding target and the second bonding target over
an entire period from a period before the first bonding
operation to a period after the second bonding.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the nonsticking monitoring unit monitors the connecting
state of the wire and determines whether or not the connect-
ing state changes, based on one of a change in a capacitance
value and a presence of an electrically short circuit between
the wire and the bonding stage.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the nonsticking monitoring unit determines, based on a first
reference value, whether or not the connecting state between
the wire and the first bonding target at the first bonding point
changes, taking a stable value of the continuous response
during a period before the first bonding operation as the first
reference value, determines, based on a second reference
value, whether or not the connecting state of the wire during
the loop forming operation changes, taking a stable value of
the continuous response when the first bonding operation is
completed as the second reference value, determines, based
on a third reference value, whether or not the connecting
state between the wire and the second bonding target at the
second bonding point changes, taking a stable value of the
continuous response during the loop forming operation as
the third reference value, and determines, based on a fourth
reference value, whether or not the connecting state of the
wire during a period from the second bonding point to a
point disconnection of the wire is completed changes, taking
a stable value of the continuous response when the second
bonding operation is completed as the fourth reference
value.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the nonsticking monitoring unit determines whether or not
the connecting state of the wire changes, by applying a direct
voltage signal to the wire as the predetermined electrical
signal, the direct voltage signal having a voltage different
from a ground voltage value by a predetermined voltage
value, the ground voltage value being a potential of the
bonding stage, the predetermined voltage value being taken
as the first reference value, the ground voltage value being
taken as each of the second to the fourth reference value.

Further, it is preferable that the wire-bonding apparatus
according to the present invention be configured such that
the wire bonding at the first bonding point and the second
bonding point is performed according to one of a wedge
bonding method and a ball bonding method.
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A wire-bonding apparatus according to the present inven-
tion includes: a first bonding step of bonding a wire to a first
bonding target at a first bonding point of wire bonding; a
loop formation step of moving the wire from the first
bonding point to a second bonding point while the wire is
fed to form a predetermined loop; a second bonding step of
bonding the wire to a second bonding target at the second
bonding point; and a nonsticking monitoring step of moni-
toring a connecting state of the wire and determining
whether or not the connecting state changes, the monitoring
and the determination being made based on a continuous
response to a continuous application of a predetermined
electrical signal between the wire held by a capillary and a
bonding stage for supporting the first bonding target and the
second bonding target over an entire period from a period
before the first bonding operation to a period after the second
bonding.

Advantageous Effects of Invention

According to at least one of the aspects listed above, it is
possible to correctly determine whether or not a wire is
disconnected between a first bonding point and a second
bonding point.

According to at least one of the aspects listed above, it is
possible to correctly determine a change in a connecting
state of the wire over an entire period form first bonding
operation to second bonding.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a configuration diagram of a wire-bonding
apparatus according to an embodiment of the present inven-
tion.

FIG. 2 is a diagram illustrating a nonsticking determina-
tion circuit of the wire-bonding apparatus according to the
embodiment of the present invention.

FIG. 3 is a time chart showing operations of components
of the wire-bonding apparatus according to the embodiment
of the present invention.

FIG. 4 is a flowchart showing steps of a wire bonding
method according to the embodiment the present invention.

FIG. 5 is a chart showing continuous monitoring of wire
disconnection between a first bonding point and a second
bonding point in the wire-bonding apparatus according to
the embodiment of the present invention.

FIG. 6 is a diagram illustrating first bonding operation in
FIG. 4.

FIG. 7 is a diagram illustrating the wire is fed in a loop
forming operation after FIG. 6.

FIG. 8 is a diagram illustrating an occurrence of wire
disconnection after FIG. 7.

FIG. 9 is a diagram illustrating that a capillary is moved
down after FIG. 8 and the disconnected wire is brought into
contact with a bonding target.

FIG. 10 is a diagram illustrating nonsticking and prema-
ture disconnection of the wire that can possibly occur over
an entire period from the first bonding point after the second
bonding point in the wire-bonding apparatus according to
the embodiment of the present invention.

FIG. 11 is a chart showing a change in a capacitance value
between the capillary and a bonding stage when nonsticking
or premature disconnection of the wire occurs using an
alternating-current electrical signal as a predetermined elec-
trical signal in the wire-bonding apparatus according to the
embodiment of the present invention.
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FIG. 12 is a chart showing a change in a voltage value
between the capillary and a bonding stage when nonsticking
or premature disconnection of the wire occurs using a direct
voltage signal as a predetermined electrical signal in the
wire-bonding apparatus according to the embodiment of the
present invention.

DESCRIPTION OF EMBODIMENT

Hereinafter, an embodiment according to the present
invention will be described with reference to the drawings.
In the following description, as target objects of wire bond-
ing, a lead of a circuit board is taken as a first bonding point,
and a pad of a chip is taken as a second bonding point.
However, this is exemplification for explanation, and the
first bonding point can be a pad of the chip, and the second
bonding point can be a lead of the circuit board. Both of the
first bonding point and the second bonding point can be pads
of'the chip, or both of the first bonding point and the second
bonding point can be leads of the circuit board. The pads and
the leads are examples of a target object to which the wire
is bonded, and the target object can take a different form.
Further, examples of the target object of bonding include, in
addition to the chip, a general electronic component such as
a resistor chip or a capacitor chip, and the circuit board can
be an epoxy resin substrate or the like, or a lead frame or the
like.

Dimensions and materials described below are exempli-
fication for explanation, and can be altered appropriately
according to specification of a wire-bonding apparatus.

In the following description, a same component and its
corresponding components are denoted by the same refer-
ence numeral throughout the drawings, and repetitive
descriptions shall be omitted.

FIG. 1 is a configuration diagram of a wire-bonding
apparatus 10. The wire-bonding apparatus 10 employs a
capillary 28 as a tool for wire bonding and an aluminum wire
as a wire 30, and connects two bonding targets with the wire
30 according to a wedge bonding method. In FIG. 1, a chip
6 and a circuit board 8 as the bonding targets are illustrated,
although these are not included in the components of the
wire-bonding apparatus 10. As used herein according to the
embodiment of the present invention, the wedge bonding
method refers to a bonding method that performs bonding
using ultrasonic waves or a pressure without forming an
FAB at a tip of the wire.

The wire-bonding apparatus 10 is configured including a
bonding stage 14 held on a mount 12, an XY stage 16, and
a computer 60.

The bonding stage 14 is a bonding target supporting stage
on which the chip 6 and the circuit board 8 as the two
bonding targets are placed. The bonding stage 14 is movable
with respect to the mount 12 when the circuit board 8 or the
like are placed or discharged, but not movable with respect
to the mount 12 during a bonding operation. As the bonding
stage 14, a metallic moving table can be used. The bonding
stage 14 is connected to a reference potential, such as a
ground potential of the wire-bonding apparatus 10. The
bonding stage 14 is connected to a grounding terminal of a
nonsticking determination circuit 36 that will be later
described. If the bonding stage 14 is required to be insulated
from the chip 6 or the circuit board 8, an insulation treatment
is applied to a portion of the bonding stage 14 that is required
to be insulated.

The chip 6 is an electronic circuit in which a silicon
substrate and a transistor and the like are integrated. As an
electronic circuit, input terminals, output terminals, and the
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like are pulled out as a plurality of pads (not depicted) on an
upper surface of the chip 6. A lower surface of the chip 6 is
a back surface of the silicon substrate, and constituted as a
grounding electrode of the electronic circuit.

The circuit board 8 is configured such that a desired
wiring is patterned on an epoxy resin substrate, and includes
a chip pad (not depicted) that electrically and mechanically
connects and fixes the lower surface of the chip 6, a plurality
of'leads (not depicted) disposed around the chip pad, and the
input terminals and the output terminals of the circuit board
pulled out from the chip pad and the plurality of leads. Wire
bonding is performed by connecting the pads of the chip 6
and the leads of the circuit board 8 with the wire 30.

A lead clamper 50 provided for the bonding stage 14 is a
flat-plate member having an opening in its center and
supports the circuit board 8. The lead clamper 50 fixes the
circuit board 8 to the bonding stage 14 by holding the circuit
board 8 around a peripheral edge of the opening, while the
lead of the circuit board 8 and the chip 6 to be connected by
wire bonding are positioned in the opening in the center.

The XY stage 16 is a moving table provided with a
bonding head 18, and configured to move the bonding head
18 to a desired position in an XY plane with respect to the
mount 12 and the bonding stage 14. The XY plane is a plane
parallel to an upper surface of the mount 12. A'Y direction
is parallel to a longitudinal direction of an ultrasonic trans-
ducer 24 attached to a bonding arm (not depicted) that will
be later described. FIG. 1 shows an X direction and the Y
direction, as well as a Z direction that is perpendicular to the
XY plane.

The bonding head 18 is fixed to and provided for the XY
stage 16. The bonding head 18 is a moving mechanism
including a Z motor 20, and configured to move the capillary
28 in the Z direction, by controlling rotation of this motor,
through a Z-drive arm 22 and the ultrasonic transducer 24.
As the Z motor 20, a linear motor can be used.

To the Z-drive arm 22, the ultrasonic transducer 24 and a
wire clamper 32 are attached. The Z-drive arm 22 is a
member that is rotatable about a rotation center provided for
the bonding head 18 by controlling rotation of the Z motor
20. The rotation center provided for the bonding head 18 is
not necessarily an output axis of the Z motor 20, and is set
at a position where a rotational load is reduced considering
a position of a gravity center as a whole including the
Z-drive 22, the ultrasonic transducer 24, and the wire
clamper 32.

The ultrasonic transducer 24 is an elongated stick-like
member configured such that a base portion of the ultrasonic
transducer 24 is attached to the Z-drive arm 22, and the
capillary 28 through which the wire 30 is inserted is attached
to a tip portion of the ultrasonic transducer 24. To the
ultrasonic transducer 24, the ultrasonic vibrator 26 is
attached, and the ultrasonic transducer 24 transmits ultra-
sonic energy produced by driving an ultrasonic vibrator 26
to the capillary 28. Therefore, the ultrasonic transducer 24 is
configured in a horned shape that is tapered to the tip so that
ultrasonic energy from the ultrasonic vibrator 26 can be
efficiently transmitted to the capillary 28. As the ultrasonic
vibrator 26, a piezoelectric device can be used.

The capillary 28 is a bonding tool in a conical body with
a flat tip surface and having a through hole in its center
through which the wire 30 can be inserted along its longi-
tudinal direction. As the capillary 28, a ceramic capillary
used in ball bonding can be used as it is. The capillary used
in ball bonding has a corner portion in an appropriate shape
called chamfer on a side of the tip surface in the through hole
s0 as to be able to easily hold an FAB. In the wedge bonding
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method according to this embodiment, the capillary for ball
bonding is used. The capillary has a flat surface called a face
at a lower surface on the side of the tip surface in the through
hole of this capillary. The face constitutes a pressing surface
when wedge bonding is performed by the wire-bonding
apparatus 10.

At a tip portion of a tool for wedge bonding, a wire feed
guide inclined with respect to its longitudinal direction and
a pressing surface for pressing a side surface of the wire are
provided. Therefore, the wire projects laterally in a direction
along the direction of the wire feed guide, instead of in a
manner rotationally symmetric about an axis along the
longitudinal direction of the tool. If such a tool for wedge
bonding is used, there is a case in which the direction of the
wire feed guide does not match the direction in which the
wire is to be bonded depending on positions of the leads and
the pads.

For example, if the chip 6 is mounted at a central portion
of the circuit board 8, the plurality of pads are arranged
along a peripheral end of the chip 6, and the plurality of
leads are provided for the circuit board 8 so as to encircle
around the chip 6, the connecting direction of the wire
between a lead and a pad varies each time when wire
bonding is performed a plurality of times. In order to align
the direction of the wire feed guide with the connecting
direction of the wire, it is necessary either to cause the tool
for wedge bonding to be rotate around the axis along the
longitudinal direction, or to rotate the circuit board 8.

By contrast, as the face of the capillary 28 on the side of
the tip surface is rotationally symmetrical about the axis of
the capillary 28 along the longitudinal direction, even if the
connecting direction of the wire between a lead and a pad
varies each time of wire bonding, it is sufficient to perform
a shaping operation for slightly changing the direction of the
wire 30 projecting from the tip of the capillary 28. Accord-
ingly, the capillary 28 is used in wedge bonding.

The wire 30 inserted through the capillary 28 is an
aluminum fine wire. The wire 30 is wound around a wire
spool 33 provided at a tip of a wire holder extending from
the bonding head 18, and inserted into the through hole in
the center of the capillary 28 from the wire spool 33 via the
wire clamper 32. The wire 30 then projects from the tip of
the capillary 28. Examples of a material of the wire 30
include a fine wire in which silicon, magnesium, and such
are appropriately mixed, in addition to a pure aluminum fine
wire. A diameter of the wire 30 can be selected depending
on the bonding target. One example of the diameter of the
wire 30 is 30 um.

The wire clamper 32 is a wire clamping device attached
to the Z-drive arm 22, and having a pair of clamping plates
respectively disposed on the both sides of the wire 30. The
wire clamper 32 is configured to cause the wire 30 to be in
a freely movable state by opening the facing clamping
plates, and cause the wire 30 to be not movable by closing
the facing clamping plates. As being attached to the Z-drive
arm 22, the wire clamper 32 is able to appropriately clamp
the wire 30 even when the capillary 28 moves in any
direction in X, Y, or Z. Opening/closing of the wire clamper
32 is performed by activating a clamper opening/closing unit
34 employing a piezoelectric device.

The nonsticking determination circuit 36 is a circuit that
determines whether or not connection between the bonding
target and the wire 30 is appropriate at every step of wire
bonding. The nonsticking determination circuit 36 applies a
predetermined electrical signal between the bonding target
and the wire 30, and determines whether or not the connec-
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tion between the bonding target and the wire 30 is appro-
priate based on a response of the application.

FIG. 2 is a configuration diagram illustrating the non-
sticking determination circuit 36. The figure shows that the
wire 30 is in a disconnected state 104 at a second bonding
point 102 after determining that wire bonding is appropri-
ately performed at a first bonding point 100, going through
the loop formation step, moving to the second wire bonding
step to determine that wire bonding is appropriately per-
formed at the second bonding point 102 in the second wire
bonding step, and then appropriately disconnecting the wire.
In this manner, a case in which the steps of wire bonding are
normally performed is illustrated.

The nonsticking determination circuit 36 is configured by

an application power source 106 and a measurement unit
108, and having one terminal connected to the bonding stage
14 and the other terminal connected to either the wire
clamper 32 or the wire spool 33. Taking the application
power source 106 as an alternate voltage power supply, it is
possible to learn a capacitance component between the wire
30 and the bonding stage 14 by measuring an impedance
value using the impedance measuring circuit within the
measurement unit 108.
It should be noted that, as the application power source 106,
a direct-current pulsed power supply can be used in place of
an alternate voltage power supply. In the following descrip-
tion, it is assumed that the application power source 106 is
an alternate voltage power supply.

When the wire 30 is connected to a lead of the circuit
board 8 or a pad of the chip 6, a value of a capacitance
component between the wire clamper 32 and the bonding
stage 14 is equal to a total value of an apparatus capacitance
value as capacitance values of the components of the wire-
bonding apparatus 10 and a device capacitance value as a
capacitance value of the circuit board 8 or the chip 6. By
contrast, when the wire 30 is in the disconnected state 104,
a state between the wire 30 and the circuit board 8 or the chip
6 is in an electrically open state, and the value of the
capacitance component between the wire clamper 32 and the
bonding stage 14 is equal to the apparatus capacitance value
alone. The nonsticking determination circuit 36 is able to
determine whether the state between the wire 30 and one of
the circuit board 8 and the chip 6 as a bonding target is the
connected state or the open state based on a change in the
capacitance component by the measurement unit 108.

When the steps of wire bonding are normally performed
as illustrated in FIG. 2, the nonsticking determination circuit
36 makes determination in each step in the following
manner. After the first wire bonding operation at the first
bonding point 100, it is determined that the wire 30 and the
circuit board 8 are in the connected state if the capacitance
value between the bonding stage 14 and either the wire
clamper 32 or a wire spool 33 is equal to the total value of
the apparatus capacitance value and the device capacitance
value. Similarly, when the capillary 28 is moved down
toward the second bonding point 102 and brought into
contact with the second bonding point 102, it is determined
that the wire 30 and the circuit board 8 are in the connected
state if the capacitance value between the wire clamper 32
and the bonding stage 14 is equal to the total value of the
apparatus capacitance value and the device capacitance
value.

After the second wire bonding operation at the second
bonding point 102, it is determined that the wire 30 and the
chip 6 are in the connected state if the capacitance value
between the wire clamper 32 and the bonding stage 14 is
equal to the total value of the apparatus capacitance value
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and the device capacitance value. After the operation of
disconnecting the wire, it is determined that the wire 30 and
the chip 6 are in the disconnected state if the capacitance
value between the wire clamper 32 and the bonding stage 14
is equal to the value of the apparatus capacitance value.

Referring back to FIG. 1, the computer 60 controls
operations of the components of the wire-bonding apparatus
10 as a whole. The computer 60 includes a controller 80 as
a CPU, various interface circuits, and a memory 82. These
components are connected with each other via an internal
bus.

The various interface circuits are drive circuits or buffer
circuits provided between the controller 80 as a CPU and the
respective components of the wire-bonding apparatus 10. In
FIG. 1, the interface circuits are simply referred to as I/Fs.
The various interface circuits include an XY stage I/F 62
connected to the XY stage 16, a Z motor I/F 64 connected
to the Z motor 20, an ultrasonic vibrator I/F 66 connected to
the ultrasonic vibrator 26, a clamper opening/closing I/F 68
connected to the clamper opening/closing unit 34, and a
nonsticking determination circuit I/F 70 connected to the
nonsticking determination circuit 36.

The memory 82 is a storage device that stores various
programs and various control data. The various programs
include a first bonding program 84 relating to the first wire
bonding operation, a loop formation program 86 relating to
a loop forming operation, a second bonding program 88
relating to the second wire bonding operation, a continuous
nonsticking monitoring program 90 relating to a continuous
monitoring operation by the nonsticking determination cir-
cuit 36, a disconnection determination program 92 relating
to determination of premature disconnection of the wire 30,
an abnormality output program 94 relating to an operation of
outputting abnormal signal indicating that the wire 30 is
prematurely disconnected, and a control program 96 relating
to other control operations. Examples of control data 98
include data required when executing the various programs
and the control program.

Effects of the above configuration, in particular, functions
of the computer 60 will be described in further detail with
reference to FIG. 3 and the following figures. FIG. 3 is a
time chart showing operations of components in the wire
bonding operation. FIG. 4 is a flowchart showing steps of a
wire bonding method. FIG. 5 is a time chart showing signals
relating to nonsticking monitoring between the first bonding
point and the second bonding point in association with
movement of the capillary 28. FIG. 6 to FIG. 9 respectively
show the state of the wire between the first bonding point
and the second bonding point.

FIG. 3 is the time chart showing movement of the
components from the first wire bonding operation at the first
bonding point 100 until the second wire bonding operation
and the wire disconnection at the second bonding point 102
via the loop forming operation. A horizontal axis in FIG. 3
represents time. A vertical axis in FIG. 3 represents, from top
to bottom, height of the capillary 28, whether the Z motor 20
is operating or stopped, whether the XY stage 16 is operating
or stopped, whether the ultrasonic vibrator 26 is operating or
stopped, a magnitude of a pressing force for pressing the
capillary 28 downward, and whether the wire clamper 32 is
in a closed state or an open state.

The height of the capillary 28 changes when the Z motor
20 is operating, and does not change when the Z motor 20
is stopped. The Z motor 20 is controlled to operate and stop
such that when the controller 80 executes the various
programs, the Z motor 20 is driven via the Z motor I/F 64
if there is a command for operating the Z motor 20 and
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stopped if there is a stopping command. The capillary 28
changes its position within the XY plane other than the
height based on its movement within the XY plane. The
movement of the capillary 28 within the XY plane is
controlled such that when the controller 80 executes the
various programs, the XY stage 16 is driven to move via the
XY stage I/F 62 if there is a command for moving the XY
stage 16 and stopped if there is a stopping command.

When the capillary 28 is at the first bonding point 100 or
at the second bonding point 102, ultrasonic energy is sup-
plied to the capillary 28 from the ultrasonic vibrator 26.
Supply of ultrasonic energy from the ultrasonic vibrator 26
is controlled such that when the controller 80 executes the
various programs, the ultrasonic vibrator 26 is actuated via
the ultrasonic vibrator I/F 66 if there is a command for
actuating the ultrasonic vibrator 26 and stopped if there is a
stopping command.

When the capillary 28 is at the first bonding point 100 or
at the second bonding point 102, a predetermined pressing
force is supplied to the capillary 28 via the ultrasonic
transducer 24. A magnitude of the pressing force can be
controlled as a part of the controlling of the Z motor 20 to
drive. Specifically, when the controller 80 executes the
various programs, the pressing force is changed, if there is
a command for changing the pressing force, by the Z motor
20 being controlled to drive via the Z motor I/F 64.

In the loop forming operation and the operation of dis-
connecting the wire, the wire clamper 32 is opened when the
wire 30 is fed from the capillary 28, and the wire clamper 32
is closed when feeding of the wire 30 is stopped and the wire
30 is clamped. Opening/closing of the wire clamper 32 is
controlled such that when the controller 80 executes the
various programs, the clamper opening/closing unit 34 is
caused to open the wire clamper 32 via the clamper opening/
closing I/F 68 if there is a command for opening the wire
clamper 32, and the clamper opening/closing unit 34 is
caused to close the wire clamper 32 if there is a closing
command.

In FIG. 3, a period from time t, to time t, corresponds to
a period for the first wire bonding step, during which period
the controller 80 executes the first bonding program 84. As
shown in FIG. 3, the XY stage 16 is driven to move during
a period from time t, to time t;, to move the capillary 28
immediately above the first bonding point. The Z motor 20
is driven from time t, to time t;, and whereby the capillary
28 continues to move downward. The downward movement
is made at high speed from time t, to time t, at which the
capillary 28 is moved immediately above the first bonding
point 100, and at low speed from time t, to time t; at which
the capillary 28 is brought into contact with the lead of the
circuit board 8. The low-speed lowering is referred to as first
searching (1’st searching).

During a period from time t; to time t,, both the XY stage
16 and the Z motor 20 are stopped, and the ultrasonic
vibrator 26 is actuated to supply ultrasonic energy to the
capillary 28. The pressing force changes in stages from time
t, to time approximately when the ultrasonic vibrator 26
starts to be actuated. In this manner, during the period from
time t; to time t,, the wire 30 projecting from the tip of the
capillary 28 is clamped between the tip of the capillary 28
and the lead of the circuit board 8 at the first bonding point
100, and bonding between the wire 30 and the lead is
performed by ultrasonic energy and a pressing force. During
the bonding operation, it is preferable that the bonding stage
14 is heated and maintained at an appropriate treating
temperature.
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In FIG. 3, a period from time t, to time t,, corresponds to
a period for the loop formation step. The pressing force
returns to an initial state at this time. During this period, the
controller 80 executes the loop formation program 86. As
shown in FIG. 3, only the Z motor 20 is driven during a
period from time t, to time ts, and whereby the capillary 28
is slightly moved upward. During a period from time t5 to
time t4, only the XY stage 16 is driven to move. This driving
for movement is made as a reverse motion in which the
capillary 28 is temporarily moved from the first bonding
point 100 to a side opposite of the second bonding point 102
within the XY plane. During a period from time t, to time t,,
only the Z motor 20 is driven, and the capillary 28 is moved
upward at a position to which the capillary 28 has been
moved in the reverse motion. Then, this state is maintained
through a period from time t, to time t,. This state forms a
peak of a loop of the wire 30. During a period from time tq
to time t,, the XY stage 16 is drive to move slightly while
the wire clamper 32 is closed. This driving for movement is
made so as to move the capillary 28 toward the second
bonding point 102 from the position to which the capillary
28 has been moved in the reverse motion within the XY
plane. With this, the loop is pulled toward the side of the
second bonding point 102, and the peak of the loop is
adjusted to be a desired height.

At time t,, the wire clamper 32 is opened to allow the wire
30 to be fed from the tip of the capillary 28. Then, during a
period from time t, to time t,,, the XY stage 16 is driven to
move, and the Z motor 20 is driven. With this, the capillary
28 is moved down toward the second bonding point 102
while the wire 30 is fed and the loop is directed downward.

At time t,, the capillary 28 comes immediately above the
second bonding point 102. A period from time t,, to time t, 5
corresponds to a period for the second wire bonding step at
the second bonding point 102. During this period, the
controller 80 executes the second bonding program 88. The
downward movement of the capillary 28 is made at high
speed from time t, to time t,, at which the capillary 28 is
moved immediately above the second bonding point 102,
and at low speed from time t,, to time t;, at which the
capillary 28 is brought into contact with the pad of the chip
6. The low-speed lowering is referred to as second searching
(2°nd searching).

During a period from time t,, to time t;5, both the XY
stage 16 and the Z motor 20 are stopped, and the ultrasonic
vibrator 26 is actuated to supply ultrasonic energy to the
capillary 28. The pressing force changes in stages from time
t,o to time approximately when the ultrasonic vibrator 26
starts to be actuated. In this manner, during the period from
time t, , to time t, 5, the wire 30 projecting from the tip of the
capillary 28 is clamped between the tip of the capillary 28
and the pad of the chip 6 at the second bonding point 102,
and bonding between the wire 30 and the lead is performed
by ultrasonic energy and a pressing force. During the
bonding operation, it is preferable that the bonding stage 14
is heated and maintained at an appropriate treating tempera-
ture.

In FIG. 3, a period from time t, to time t, 5 corresponds
to a period for a wire disconnecting step. The wire discon-
necting step can be provided separately from the second
wire bonding operation performed by the controller 80
executing a wire disconnecting program intended for an
exclusive use. Alternatively, this period can be included in
the second wire bonding step, and the wire disconnecting
program can be included in the second bonding program 88.

In the wire disconnecting step, the pressing force returns
to an initial state. As shown in FIG. 3, only the Z motor 20
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is driven during a period from time t,; to time t,,, and
whereby the capillary 28 is slightly moved upward. During
a period from time t,, to time t,5, the wire clamper 32 is
closed, the XY stage 16 is driven to move, and the Z motor
20 is driven. This driving for movement is made such that
the capillary 28 moves within the XY plane while moving
upward. With this, the wire 30 is disconnected at the second
bonding point 102.

In this manner, the second wire bonding operation at the
second bonding point 102 and the wire disconnection is
performed after the first wire bonding operation at the first
bonding point 100 and the loop forming operation.

Effects of the above configuration, in particular, functions
of the continuous nonsticking monitoring by the controller
80, the determination on the premature disconnection of the
wire 30, and the like will be described in further detail with
reference to FIG. 4 through FIG. 9. FIG. 4 is a flowchart
showing the steps from the first wire bonding operation to
the second wire bonding operation out of the steps of the
wire bonding method, and the steps correspond respectively
to processing steps of the programs stored in the memory 82
of the computer 60. When the wire-bonding apparatus 10 is
turned on, the components of the wire-bonding apparatus 10
including the computer 60 are initialized.

Next, the bonding stage 14 is pulled out once, and the
circuit board 8 having the chip 6 mounted thereon as a
bonding target positioned and placed on the bonding stage
14 and then pressed and fixed by the lead clamper 50. Then,
the bonding stage 14 is moved back to an initial position. It
should be noted that the bonding stage 14 is heated up to a
predetermined temperature determined based on the bond-
ing conditions. The bonding target setting step is automati-
cally performed using of an automated carrier device of the
circuit board 8.

Thereafter, the first bonding program 84 is executed by
the controller 80, and the first wire bonding is performed at
the first bonding point 100 (S10). The first bonding point
100 is set on one of the leads of the circuit board 8. The first
bonding point 100 is set using a positioning camera or the
like that is not illustrated in FIG. 1. The operations of the
components in the first wire bonding operation are not
described in further detail, as having been described with
reference to FIG. 3.

At the first bonding point 100, the wire 30 is sandwiched
and pressed between a portion of the tip of the capillary 28
and the lead of the circuit board 8 to bond the wire 30 to the
lead by the ultrasonic vibration energy by the ultrasonic
vibrator 26 and a pressing force of the capillary 28 by the Z
motor 20 being controlled to drive, as well as a heating
temperature from the bonding stage 14 if necessary. In this
manner, the first wire bonding at the first bonding point 100
is performed.

After the first wire bonding is completed, the loop form-
ing operation is performed (S12). This step is performed by
the controller 80 executing the loop formation program 86.
Specifically, after the first wire bonding is completed, the
capillary 28 is moved upward while the wire clamper 32 is
open, and then moved immediately above the second bond-
ing point 102. The second bonding point 102 is set on one
of the pads of the chip 6. During the movement of the
capillary 28, the wire 30 is fed from the wire spool 33 and
extends from the tip of the capillary 28 by a required length.
The operations of the components in the loop forming
operation are not described in further detail, as having been
described with reference to FIG. 3.

During the loop forming operation, the continuous non-
sticking monitoring is performed (S14). This step is per-
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formed by the controller 80 executing the continuous non-
sticking monitoring program 90. The continuous
nonsticking monitoring is performed by actuating the non-
sticking determination circuit 36 continuously in response to
a command from the controller 80 via the nonsticking
determination circuit I/F 70, and by the controller 80 con-
tinuously receiving a result of the determination.

The continuously actuation of the nonsticking determina-
tion circuit 36 is made such that an alternate voltage power
supply which is the application power source 106 described
with reference to FIG. 2 is continuously actuated during a
previously determined continuous monitoring period. With
this, an alternate voltage signal is continuously applied
between the wire 30 held by the capillary 28 and the bonding
stage 14. The measurement unit 108 described with refer-
ence to FIG. 2 obtains a capacitance value between the wire
30 held by the capillary 28 and the bonding stage 14, and
sequentially transmits the value to the controller 80 via the
nonsticking determination circuit I/F 70.

Based on the continuous nonsticking monitoring, it is
determined whether or not the wire is prematurely discon-
nected (S16). This step is performed by the controller 80
executing the disconnection determination program 92.

FIG. 5 shows a temporal change in each signal in the
continuous nonsticking monitoring in association with a
movement state of the capillary 28. A horizontal axis in FIG.
5 represents time. A vertical axis represents, from top to
bottom in the chart, the movement state of the capillary 28,
a nonsticking monitoring output that is output from the
measurement unit 108 of the nonsticking determination
circuit 36, a differential output obtained by differentiating
the nonsticking monitoring output, and nonsticking moni-
toring timing in the conventional technique.

Time t,, t,, t5, and t,, in the horizontal axis are the same
as those described with reference to FIG. 3. Specifically,
time t, is a timing at which the loop forming operation is
started after the bonding operation at the first bonding point
100 is finished, a period from time t, to time t, is the peak
of the loop is formed in the loop formation, and t,, is a
timing at which the capillary 28 is moved down to be
brought into contact with the second bonding point 102.
Time t;, T,, T; are timing for the nonsticking monitoring in
the conventional technique as shown in the bottom of FIG.
5. Here, time t,, T,, T; are respectively set to be timing
immediately before time t,, immediately after time t,, and
after t;,. The above timing is a mere example, and the
nonsticking monitoring is often performed at appropriate
sampling timing other than the above example.

As shown by the nonsticking monitoring output that is
shown the second from the top in FIG. 5, the nonsticking
determination circuit 36 continues to be actuated, not at
sampling timing in the conventional technique, but during
the previously set continuous monitoring period. The con-
tinuous monitoring period is set to be a period suitable for
monitoring whether or not the wire 30 is disconnected
between the first bonding point and the second bonding
point after the first bonding operation. Here, an entire period
from the first bonding point to the second bonding point is
set as the continuous monitoring period. Alternatively, a
period from T, to T; used in the conventional technique, for
example, can be set as the continuous monitoring period.
Alternatively, leaving T, and T in the sampling timing for
the nonsticking monitoring in the conventional technique as
they are, a period from time t, at which the capillary 28
comes to a highest position to time t, , at which the capillary
28 comes to a lowest position can be set as the continuous
monitoring period.
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The nonsticking monitoring output is an output from the
measurement unit 108 of the nonsticking determination
circuit 36, and indicates a temporal change in the capaci-
tance value. In FIG. 5, the capacitance value is maintained
substantially at a constant value from time C, to time C,
during which the capillary 28 is moving upward, for
example, and quickly decreases at C,. Upon disconnection
of the wire 30, the capacitance value detected by the
measurement unit 108 changes from “the total value of the
apparatus capacitance value and the device capacitance
value” to “the apparatus capacitance value”, and therefore it
is possible to determine that the wire 30 is disconnected at
time C,. While the capacitance value is maintained at the
decreased value from time C,; to time C,, the capacitance
value quickly returns to the original high value at time C,.
This is considered because the capacitance value returns
from “the apparatus capacitance value” to “the total value of
the apparatus capacitance value and the device capacitance
value”, it is possible to determine that the wire 30 extending
from the tip of the capillary 28 is brought into contact with
the circuit board 8 or the chip 6 due to the premature
disconnection of the wire 30.

In this manner, by obtaining the capacitance value
between the wire 30 held by the capillary 28 and the bonding
stage 14, it is possible to determine that the wire 30 is
disconnected in the middle of the loop when the capacitance
value decreases after the first bonding operation. Further,
when the capacitance value returns before reaching the
second bonding point, it is possible to determine that the
wire 30 that has been disconnected is brought into contact
with the circuit board 8 or the chip 6 as the bonding target.

According to the sampling timing for the nonsticking
monitoring in the conventional technique, the capacitance
value does not change remaining at the same value at either
of'time t1, T2, or T3, and therefore it is not possible to detect
the premature disconnection of the wire 30.

In the above description, the determination on whether or
not the wire 30 is prematurely disconnected is made based
on the change in the capacitance value. The change in the
capacitance value can be detected using a threshold capaci-
tance value and by comparison with the threshold capaci-
tance value. Alternatively, it is possible to determine
whether or not the wire 30 is prematurely disconnected
based on a differential value obtained by differentiating an
electrical signal indicating the capacitance value with
respect to time. The differential output in FIG. 5 is obtained
by differentiating the nonsticking monitoring output with
respect to time. When the capacitance value quickly
decreases, a negative pulse is output, and when the capaci-
tance value quickly increases, a positive pulse is output. It is
possible to determine whether or not the wire 30 is prema-
turely disconnected based on a presence of the pulsed
output.

FIG. 6 to FIG. 9 shows the state of the wire 30 at time t,,,
time C,, time C,, and time C,, respectively.

At time t, shown in FIG. 6, the wire 30 projecting from
the tip of the capillary 28 is sandwiched between the tip of
the capillary 28 and the lead of the circuit board 8 at the first
bonding point 100. Therefore, the capacitance value
detected by the measurement unit 108 is “the total value of
the apparatus capacitance value and the device capacitance
value”.

At time C, shown in FIG. 7, the capillary 28 moves from
the first bonding point 100 by X1 within the XY plane, and
the height in the Z direction increases up to Z1 from an upper
surface of the circuit board 8. The wire 30 is bonded to the
circuit board 8 at the first bonding point 100, and the wire
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30 is fed from the capillary 28. Also in this case, the
capacitance value detected by the measurement unit 108 is
“the total value of the apparatus capacitance value and the
device capacitance value”.

Time C, shown in FIG. 8 shows a state in which the height
of'the capillary 28 in the Z direction is maximized at Z2, and
the wire clamper 32 is closed and the XY stage 16 moves
from the first bonding point 100 by a distance X2 within the
XY plane (see FIG. 3). This shows that the wire 30 is
brought into the disconnected state 104 between the first
bonding point 100 and the tip of the capillary 28. The wire
30 extends from the capillary 28 toward the first bonding
point 100, and a portion that has been disconnected consti-
tutes a tip portion 105. It should be noted that the state at
time C, described above at which the wire is disconnected
is one example, and the wire can be disconnected in a
different state as long as it is in the middle of the movement
from the first bonding point 100 to the second bonding point
102.

At this time, the capacitance value detected by the mea-
surement unit 108 quickly decreases from “the total value of
the apparatus capacitance value and the device capacitance
value” down to “the apparatus capacitance value”. Accord-
ing to the continuous nonsticking monitoring, it is possible
to determine that the wire 30 is disconnected in the middle
of'the loop by detecting that the capacitance value decreases
quickly.

Time C, shown in FIG. 9 shows a state in which the
capillary 28 moves downward in the Z direction to a height
of' 73 while moving from the first bonding point 100 within
the XY plane by a distance X3, and the tip of the capillary
28 comes immediately above the second bonding point 102.
7 is a value smaller 7, than in FIG. 8, and X; is a value
greater than X, in FIG. 8. At this time, the tip portion 105 of
the wire 30 extending from the capillary 28 is brought into
contact with the circuit board 8 due to the downward
movement of the capillary 28. At this time, the capacitance
value detected by the measurement unit 108 quickly
increases and returns to “the total value of the apparatus
capacitance value and the device capacitance value”.
According to the continuous nonsticking monitoring, when
a quick increase of the capacitance value is detected, in
combination with the detection of the quick decrease of the
capacitance value at time C,, it is possible to determine that
this does not indicate normal connection between the wire
30 and the first bonding point 100, and that the wire 30 is
disconnected in the middle of the loop and the tip portion
105 of the wire drops and is brought into contact with the
bonding target.

Referring back to FIG. 4, when it is determined that the
wire is not prematurely disconnected as the result of the
determination at S14 on whether or not the wire is prema-
turely disconnected, then, the second wire bonding operation
is performed at the second bonding point 102 (S18). This
step is performed by the controller 80 executing the second
bonding program 88. The second bonding point 102 is set on
one of the pads of the chip 6. The second bonding point 102
is set using a positioning camera or the like that is not
illustrated in FIG. 1. The operations of the components in the
second wire bonding operation are not described in further
detail, as having been described with reference to FIG. 3.

When it is determined that the wire is prematurely dis-
connected as the result of the determination on whether or
not the wire is prematurely disconnected in S16, an abnor-
mal signal is output (S20), and the operation of the wire-
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bonding apparatus 10 is stopped (S22). These steps are
performed by the controller 80 executing the abnormality
output program 94.

In this manner, by continuously actuating the nonsticking
determination circuit 36 to perform the continuous nonstick-
ing monitoring, even when an aluminum wire whose
expanding property is smaller than that of a gold wire is used
in the wedge bonding by the capillary 28, it is possible to
correctly determine whether or not the wire is disconnected
between the first bonding point 100 and the second bonding
point 102.

In the above description, the predetermined continuous
monitoring period is set to be the period during which the
wire is fed from the first bonding point to the second
bonding point after the first bonding operation. However, the
continuous monitoring period can be set to be an entire
period from a period before the first bonding operation to a
period after the second bonding.

During the continuous monitoring period, the nonsticking
monitoring unit continuously applies a predetermined elec-
trical signal between the wire 30 held by the capillary 28 and
the bonding stage 14. Then, a change in a connecting state
of the wire 30 is monitored and determined using an
appropriate threshold for determination to the continuous
response.

Taking the nonsticking of the wire at the first bonding
point is F1, the premature disconnection of the wire during
the loop formation period is F2, the nonsticking of the wire
at the second bonding point is F3, and the premature
disconnection of the wire after the second bonding operation
and before the operation of disconnecting the wire is F4,
appropriate thresholds for F1 to F4 respectively are used. In
this manner, it is possible to monitor while distinguishing
between F1 to F4.

Hereinafter, performing the continuous monitoring over
an entire period from the period before the first bonding
operation to the period after the second bonding and distin-
guishing between F1 to F4 will be described in detail with
reference to FIG. 10 through FIG. 12.

FIG. 10 is a view, corresponding to FIG. 6 through FIG.
9, but further illustrating bonding of the wire 30 over an
entire period from the period before the first bonding opera-
tion to the period after the second bonding. Here, a wire 31
to which the operations including the first bonding operation
performed at the first bonding point on the circuit board 8,
the loop forming operation after the first bonding operation,
the second bonding operation performed at the second
bonding point on the chip 6 after the loop forming operation,
and the operation of disconnecting the wire 30 after the
second bonding operation are performed without any prob-
lem.

FIG. 10 shows F1 at which nonsticking of the wire occurs
at the first bonding point, F2 at which premature disconnec-
tion of the wire occurs in the loop formation period, F3 at
which nonsticking of the wire occurs at the second bonding
point, and F4 at which premature disconnection of the wire
occurs before the operation of disconnecting the wire after
the second bonding operation.

The nonsticking determination circuit 36 illustrated in
FIG. 10 is the same as that has been described with reference
to FIG. 2, and includes the application power source 106
configured to output a predetermined electrical signal, and
the measurement unit 108 configured to measure a response
to the predetermined electrical signal. Here, an alternate
voltage signal or a direct voltage signal is used as the
predetermined electrical signal.
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Either of the alternate voltage signal and the direct voltage
signal is used depending on whether or not both of the chip
6 and the circuit board 8 are determined to be connected to
the bonding stage 14 only by an electrically resistance
component. When both of the chip 6 and the circuit board 8
are determined to be connected to the bonding stage 14 only
by an electrically resistance component, the direct voltage
signal can be used as the predetermined electrical signal.
When both of the chip 6 and the circuit board 8 are
determined to be connected to the bonding stage 14 not only
by an electrically resistance component, but also by a
capacitance component, the alternate voltage signal can be
used as the predetermined electrical signal.

When using the alternate voltage signal as the predeter-
mined electrical signal, the measurement unit 108 measures
a change in the capacitance value between the wire 30 and
the bonding stage 14 via the wire clamper 32. The capaci-
tance value can be converted into a voltage value using an
appropriate conversion circuit, and it is possible to measure
the change in the capacitance value by measuring a change
in the voltage value after the conversion. When using the
direct voltage signal as the predetermined electrical signal,
the measurement unit 108 measures a change in a presence
of an electric short circuit between the wire 30 and the
bonding stage 14 via the wire clamper 32.

The presence of the electrically short circuit is determined
by measuring the voltage value in the following manner.
Specifically, taking a potential of the bonding stage as a
ground voltage value V=0 (V), a direct voltage signal having
a voltage higher than the ground voltage value by a prede-
termined voltage value V, is set as the predetermined
electrical signal. Then, when the measured voltage value is
V=0 (V), it is determined that there is an electrically short
circuit between the wire 30 and the bonding stage 14, and
when the measured voltage value is the predetermined
voltage value V, it is determined that there is no electrically
short circuit.

FIG. 11 is a chart showing that F1 to F4 can be distin-
guished when an alternate voltage signal is used as the
predetermined electrical signal, and the capacitance value
between the wire 30 and the bonding stage 14 is measured
as a continuous response of the signal. FIG. 11 is configured
by six separate time chart from (a) to (f). A horizontal axis
is time for all of these. A vertical axis indicates the height of
the capillary for (a), and the capacitance value between the
wire 30 and the bonding stage 14 for (b) to ().

FIG. 11(a) corresponds to the chart at the top of FIG. 3.
Time t5, t,, t;,, 1,5, and t,, in the horizontal axis are the same
as those described with reference to FIG. 3. Specifically, the
period from time t; to t, corresponds to the period for the
first bonding operation, the period from t,, to t;; corre-
sponds to the period for the second bonding operation, and
t,, corresponds to the timing at which the wire 30 is
disconnected by the operation of the wire clamper 32 after
the second bonding operation.

FIG. 11(b) is a time chart showing a temporal change in
the capacitance value measured for a non-defective product
to which all operation is performed without any problem
over an entire period from the period before the first bonding
operation to the period after the second bonding.

In FIG. 11(b), as the wire 30 is not brought into contact
with the circuit board 8 before time t;, the capacitance value
is the apparatus capacitance value between the wire 30 and
the bonding stage 14 via the wire-bonding apparatus 10. The
apparatus capacitance value is indicated as C,, in FIG. 11.

When the wire 30 is brought into contact with the circuit
board 8 at time t5, a value to which the capacitance value of



US 9,457,421 B2

19

the circuit board 8 is added is measured. The capacitance
value of the circuit board 8 is indicated as C; in FIG. 11.
Therefore, the measured value of the capacitance value
during a period from time t; to time t,, is (C,+C;).

When the wire 30 is brought into contact with the chip 6
attime t,,, a value to which the capacitance value of the chip
6 is added is measured. The capacitance value of the chip 6
is indicated as C, in FIG. 11. Therefore, the measured value
of'the capacitance value during a period from time t, , to time
1,418 (Co 4C+Cp).

When the wire 30 is disconnected by the disconnecting
operation at time t, , and brought into the state shown in FIG.
10, the wire 30 is spaced apart from and not brought into
contact with the chip 6 on the circuit board 8, and therefore
the measured value of the capacitance value is again the
apparatus capacitance value C,,.

FIG. 11(c) is a time chart showing a temporal change in
the capacitance value when the nonsticking F1 occurs at the
first bonding point. The nonsticking F1 occurs during the
period between time t; and time t, corresponding to the
period for the first bonding operation. When the nonsticking
F1 occurs, the wire 30 is not fixedly connected to the circuit
board 8, and therefore the capacitance value becomes
smaller than the capacitance value (C,,+C;) at time t; for a
non-defective product.

In order to distinguish between a non-defective product
from the nonsticking F1, the capacitance value stably mea-
sured before t; can be used as a reference. For example, the
capacitance value C,, before t; is taken as a reference, and
a value obtained by adding a previously determined mea-
surement margin to C,, is taken as a first reference value J1,
and the first reference value J1 is used as a determination
threshold for distinguishing a non-defective product from
F1. In order to simplify the description, a relation is
expressed by J1=C,, in FIG. 11(c). It is determined to be a
non-defective product when the measured capacitance value
exceeds J1, and to be F1 when the measured capacitance
value is no greater than J1. In one example of non-defective
product, the measured capacitance value is (C,+C;), and in
one example of F1, the measured capacitance value remains
Cur

FIG. 11(d) is a time chart showing a temporal change in
the capacitance value when the operation at the first bonding
point is normally performed and the measured capacitance
value becomes (C,+C;) at time t;, but the premature
disconnection F2 of the wire 30 occurs in the loop forming
operation. The premature disconnection F2 occurs between
time t, and time t,. As the wire 30 is spaced apart from the
circuit board 8 when the premature disconnection F2 occurs,
the measured capacitance value takes a value smaller than
the capacitance value (C,+C;) at time t, for a non-defective
product.

In order to distinguish between a non-defective product
from the premature disconnection F2, the capacitance value
stably measured after t, can be used as a reference. For
example, the capacitance value (C,+C;) at t, is taken as a
reference, and a value obtained by adding the previously
determined measurement margin to (C,+C;) is taken as a
second reference value J2, and the second reference value J2
is used as a determination threshold for distinguishing a
non-defective product from F2. In order to simplify the
description, a relation is expressed by J2=(C,+C;) in FIG.
11(d). It is determined to be a non-defective product when
the measured capacitance value remains J2, and to be F2
when the measured capacitance value is smaller than J2. In
one example of non-defective product, the measured capaci-
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tance value is (C,+C;), and in one example of F2, the
measured capacitance value is C,,.

FIG. 11(e) is a time chart showing a temporal change in
the capacitance value when the nonsticking F3 occurs at the
second bonding point even though the loop forming opera-
tion is normal. The nonsticking F3 occurs between time t,,
and time t,;. When the nonsticking F3 occurs, the wire 30
is not fixedly connected to the chip 6, and therefore the
capacitance value becomes smaller than the capacitance
value (C,+C,+C,) at time t,, for a non-defective product.

In order to distinguish between a non-defective product
from the nonsticking F3, the capacitance value stably mea-
sured t, can be used as a reference. For example, the
capacitance value (C,+C;) at t, is taken as a reference, and
a value obtained by adding the previously determined mea-
surement margin to (C,+C;) is taken as a third reference
value J3, and the third reference value J3 is used as a
determination threshold for distinguishing a non-defective
product from F3. In order to simplify the description, a
relation is expressed by J3=12=(C, +C;) in FIG. 11(e). It is
determined to be a non-defective product when the mea-
sured capacitance value exceeds J3, and to be F3 when the
measured capacitance value remains J3. In one example of
non-defective product, the measured capacitance value is
(CptC;+Cp), and in one example of F3, the measured
capacitance value is (C,+C;).

FIG. 11(f) is a time chart showing a temporal change in
the capacitance value when the operation at the second
bonding point is normally performed and the measured
capacitance value becomes (C,+C; +C;) at time t, ,, but the
premature disconnection F4 of the wire 30 occurs before the
operation of disconnecting the wire. The premature discon-
nection F4 occurs between time t,; and time t,,. As the wire
30 is spaced apart from the chip 6 when the premature
disconnection F4 occurs, the measured capacitance value
takes a value smaller than the capacitance value (C,+C, +
Cp) at time t, 5 for a non-defective product.

In order to distinguish between a non-defective product
from the premature disconnection F4, the capacitance value
stably measured before t,, can be used as a reference. For
example, the capacitance value (C,+C;+C,) at t, is taken
as a reference, and a value obtained by subtracting the
previously determined measurement margin from (C, +C, +
Cp) is taken as a fourth reference value J4, and the fourth
reference value J4 is used as a determination threshold for
distinguishing a non-defective product from F4. In order to
simplify the description, a relation is expressed by J4=(C, +
C;+Cp) in FIG. 11(f). It is determined to be a non-defective
product when the measured capacitance value remains J4,
and to be F4 when the measured capacitance value is smaller
than J4. In one example of non-defective product, the
measured capacitance value is (C,+C;+C,), and in one
example of F4. The measured capacitance value is (C,,+C;).

As described above, by taking the first reference value J1
to the fourth reference value J4 as the determination refer-
ences respectively corresponding to F1 to F4 using an
alternate voltage signal as the predetermined electrical sig-
nal, it is possible to distinguish the nonsticking F1 at the first
bonding point, the premature disconnection F2 in the loop
forming operation, the nonsticking F3 at the second bonding
point, and the premature disconnection F4 before the opera-
tion of disconnecting the wire.

FIG. 12 is a chart showing that F1 to F4 can be distin-
guished when a direct voltage signal is used as the prede-
termined electrical signal, and the voltage value between the
wire 30 and the bonding stage 14 is measured as a continu-
ous response of the signal. FIG. 12 corresponds to FIG. 11
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and is configured by six separate time chart from (a) to (f).
Similarly to FIG. 11, a horizontal axis is time for all of these.
Further, a vertical axis indicates the height of the capillary
for (a), and the voltage value between the wire 30 and the
bonding stage 14 for (b) to (f).

Similarly to FIG. 11(a), FIG. 12(a) corresponds to the
chart at the top of FIG. 3. Time t;, t,, t,, t;5, and t,, in the
horizontal axis are not described in further detail, as having
been described with reference to FIG. 3, similarly to FIG. 11.

In FIG. 12(4) is a time chart showing a temporal change
in the voltage value measured for a non-defective product to
which all operation is performed without any problem over
an entire period from the period before the first bonding
operation to the period after the second bonding.

In FIG. 12(b), as the wire 30 is not brought into contact
with the circuit board 8 before time t;, there is no electric
short circuit between the wire 30 and the bonding stage 14,
and the measured voltage value is the predetermined voltage
value V.

When the wire 30 is brought into contact with the circuit
board 8 at time t;, an electric short circuit is produced
between the bonding stage 14 and the wire 30 via the circuit
board 8. With this, the measured voltage value becomes V=0
V).

When the wire 30 is brought into contact with the chip 6
at time t, ,, the bonding stage 14 and the wire 30 remains in
an electrically short circuit condition via the chip 6 and the
circuit board 8, and the measured voltage value remains V=0
(V). When the wire 30 is disconnected by the disconnection
operation at time t, , and brought into the state shown in FIG.
10, the wire 30 is spaced apart from and not brought into
contact with the chip 6 on the circuit board 8. Therefore
there is no electric short circuit between the wire 30 and the
bonding stage 14, and the measured voltage value is again
the predetermined voltage value V.

In this manner, when a direct voltage signal is used as the
predetermined electrical signal, a voltage value from time t;
to t,, is V=0 (V) for a non-defective product.

FIG. 12(c) is a time chart showing a temporal change in
the voltage value when the nonsticking F1 occurs at the first
bonding point. The nonsticking F1 occurs during the period
between time t; and time t, corresponding to the period for
the first bonding operation. When the nonsticking F1 occurs,
the wire 30 is not fixedly connected to the circuit board 8,
and therefore there is no electric short circuit between the
wire 30 and the bonding stage 14. Therefore, the voltage
value remains the predetermined voltage value V,, which is
a voltage value at time t; for a non-defective product.

In order to distinguish between a non-defective product
from the nonsticking F1, the voltage value stably measured
before t; can be used as a reference. For example, the
predetermined voltage value V, which is a voltage value
before t; is taken as a reference, and a value obtained by
adding a previously determined measurement margin to V,,
is taken as a first reference value J1, and the first reference
value J1 is used as a determination threshold for distinguish-
ing a non-defective product from F1. In order to simplify the
description, a relation is expressed by J1=V in FIG. 12(c).
It is determined to be a non-defective product when the
measured voltage value is smaller than J1, and to be F1 when
the measured capacitance value remains J1. In one example
of non-defective product, the measured voltage value is V=0
(V), and in one example of F1, the measured voltage value
remains V,,.

FIG. 12(d) is a time chart showing a temporal change in
the voltage value when the operation at the first bonding
point is normally performed and the measured voltage value
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becomes V=0 (V) at time t;, but the premature disconnection
F2 of the wire 30 occurs in the loop forming operation. The
premature disconnection F2 occurs between time t,, and time
t,,. As the wire 30 is spaced apart from the circuit board 8
when the premature disconnection F2 occurs, there is no
electric short circuit between the wire 30 and the bonding
stage 14, and the measured voltage value takes a value
greater than the voltage value V=0 (V) at time t, for a
non-defective product.

In order to distinguish between a non-defective product
from the premature disconnection F2, the voltage value
stably measured after t, can be used as a reference. For
example, the voltage value V=0 (V) at t, is taken as a
reference, and a value obtained by adding the previously
determined measurement margin to V=0 (V) is taken as a
second reference value J2, and the second reference value J2
is used as a determination threshold for distinguishing a
non-defective product from F2. In order to simplify the
description, a relation is expressed by J2=0 (V) in FIG.
12(d). It is determined to be a non-defective product when
the measured voltage value remains J2, and to be F2 when
the measured voltage value exceeds J2. In one example of
non-defective product, the measured voltage value is V=0
(V), and in one example of F2, the measured voltage value
is V.

FIG. 12(e) is a time chart showing a temporal change in
the voltage value when the nonsticking F3 occurs at the
second bonding point even though the loop forming opera-
tion is normal. The nonsticking F3 occurs between time t,,
and time t,;. When the nonsticking F3 occurs, the wire 30
is not fixedly connected to the chip 6, and therefore there is
no electric short circuit between the wire 30 and the bonding
stage 14. Therefore, the voltage value becomes the prede-
termined voltage value V,,.

In order to distinguish between a non-defective product
from the nonsticking F3, the voltage value stably measured
t, can be used as a reference. For example, the voltage value
V=0 (V) at t, is taken as a reference, and a value obtained
by adding the previously determined measurement margin to
V=0 (V) is taken as a third reference value J3, and the third
reference value J3 is used as a determination threshold for
distinguishing a non-defective product from F3. In order to
simplify the description, a relation is expressed by J3=12=0
(V) in FIG. 12(e). It is determined to be a non-defective
product when the measured voltage value remains J3, and to
be F3 when the measured voltage value exceeds J3. In one
example of non-defective product, the measured voltage
value is V=0 (V), and in one example of F3, the measured
voltage value is V.

FIG. 12(f) is a time chart showing a temporal change in
the voltage value when the operation at the second bonding
point is normally performed and the measured voltage value
remains V=0 (V) at time t,,, but the premature disconnec-
tion F4 of the wire 30 occurs before the operation of
disconnecting the wire. The premature disconnection F4
occurs between time t;; and time t,,. As the wire 30 is
spaced apart from the chip 6 when the premature discon-
nection F4 occurs, there is no electric short circuit between
the wire 30 and the bonding stage 14. The measured voltage
value takes a value greater than the voltage value V=0 (V)
at time t,; for a non-defective product.

In order to distinguish between a non-defective product
from the premature disconnection F4, the voltage value
stably measured before t,; can be used as a reference. For
example, the voltage value V=0 (V) at t,5 is taken as a
reference, and a value obtained by subtracting the previously
determined measurement margin from V=0 (V) is taken as
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a fourth reference value J4, and the fourth reference value 14
is used as a determination threshold for distinguishing a
non-defective product from F4. In order to simplify the
description, a relation is expressed by J4=]3=J2=0 (V) in
FIG. 12(f). It is determined to be a non-defective product
when the measured voltage value remains J4, and to be F4
when the measured voltage value exceeds J4. In one
example of non-defective product, the measured voltage
value is V=0 (V), and in one example of F4. The measured
voltage value is V,,.

As described above, by taking the first reference value J1
to the fourth reference value J4 as the determination refer-
ences respectively corresponding to F1 to F4 using a direct
voltage signal as the predetermined electrical signal, it is
possible to distinguish the nonsticking F1 at the first bonding
point, the premature disconnection F2 in the loop forming
operation, the nonsticking F3 at the second bonding point,
and the premature disconnection F4 before the operation of
disconnecting the wire. In particular, as the relation can be
J2=13=J4=0 (V), the measurement and the determination
can be facilitated.

In the above description, the wire bonding at the first
bonding point and the second bonding point is described to
be performed according to the wedge bonding method using
a capillary. However, the wire bonding can be performed
according to a ball bonding method.

The present invention is not limited to the embodiment
described above, and includes any modifications and altera-
tions without departing from the technical scope and the
spirit of the present invention defined by the appended
claims.

INDUSTRIAL APPLICABILITY

The present invention can be applied to an apparatus and
a wire bonding method, both for performing wire bonding
using a capillary.

What is claimed is:

1. A wire bonding method comprising:

a first bonding step of bonding a wire to a bonding target
at a first bonding point of wire bonding;

a continuous monitoring step of continuously applying a
predetermined electrical signal between the wire held
by a capillary and the bonding target to obtain a change
in a capacitance value between the wire held by the
capillary and the bonding target, the continuous moni-
toring step being performed after the first bonding step
and during a period in which the wire is fed from the
first bonding point to a second bonding point for the
wire bonding in a second bonding step; and

a premature disconnection determination step of deter-
mining that the wire is prematurely disconnected when
the capacitance value decreases after the first bonding
step, and of determining that the wire that has been
prematurely disconnected drops down and is brought
into contact with the bonding target when the capaci-
tance value returns before the second bonding point.

2. The wire bonding method according to claim 1,

wherein

the predetermined electrical signal is an alternating-cur-
rent electrical signal.

3. The wire bonding method according to claim 1,

wherein

the predetermined electrical signal is a direct-current
pulsed signal.
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4. A wire-bonding apparatus comprising:
a first bonding unit configured to bond a wire to a first
bonding target at a first bonding point of wire bonding
in a first bonding operation;
a loop forming unit configured to move the wire from the
first bonding point to a second bonding point while the
wire is fed to form a predetermined loop;
a second bonding unit configured to bond the wire to a
second bonding target at the second bonding point in a
second bonding operation; and
a nonsticking monitoring unit configured to monitor a
connecting state of the wire and determine whether or
not the connecting state changes, the monitoring and
the determination being made based on a continuous
response to a continuous application of a predetermined
electrical signal between the wire held by a capillary
and a bonding stage for supporting the first bonding
target and the second bonding target, the predetermined
electrical signal being the same over an entire period
from a period before the first bonding operation to a
period after the second bonding operation, wherein
the nonsticking monitoring unit:
monitors the connecting state of the wire and deter-
mines whether or not the connecting state changes,
based on one of a change in a capacitance value and
a presence of an electrically short circuit between the
wire and the bonding stage,

determines, taking a stable value of the continuous
response during the period before the first bonding
operation as a first reference value, that the connect-
ing state between the wire and the first bonding target
is defective when a value of the continuous response
at the first bonding point remains the first reference
value, and that the connecting state between the wire
and the first bonding target is non-defective when the
value of the continuous response at the first bonding
point is different from the first reference value,

determines, taking a stable value of the continuous
response when the first bonding operation is com-
pleted as a second reference value, that the connect-
ing state of the wire is defective when a value of the
continuous response during the loop forming opera-
tion is different from the second reference value, and
that the connecting state of the wire is non-defective
when the value of the continuous response during the
loop forming operation is the same as the second
reference value,

determines, taking a stable value of the continuous
response during the loop forming operation as a third
reference value, that the connecting state between
the wire and the second bonding target is defective
when a value of the continuous response at the
second bonding point is the same as the third refer-
ence value, and that the connecting state between the
wire and the second bonding target is non-defective
when the value of the continuous response at the
second bonding point is different from the third
reference value, and

determines, taking a stable value of the continuous
response when the second bonding operation is com-
pleted as a fourth reference value, that the connecting
state of the wire is defective when a value of the
continuous response during a period from the second
bonding point to a point at which disconnection of
the wire is completed is different from the fourth
reference value, and that the connecting state of the
wire is non-defective when the value of the continu-
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ous response during the period from the second
bonding point to the point at which disconnection of
the wire is completed is the same as the fourth
reference value.

5. The wire-bonding apparatus according to claim 4,

wherein

the nonsticking monitoring unit determines whether or
not the connecting state of the wire changes,

by applying a direct voltage signal to the wire as the
predetermined electrical signal, the direct voltage sig-
nal having a voltage different from a ground voltage
value by a predetermined voltage value, the ground
voltage value being a potential of the bonding stage, the
predetermined voltage value being taken as the first
reference value, the ground voltage value being taken
as each of the second to the fourth reference value.

6. The wire-bonding apparatus according to claim 4,

wherein

the wire bonding respectively at the first bonding point
and the second bonding point is performed according to
one of a wedge bonding method and a ball bonding
method.

7. A wire bonding method comprising:

a first bonding step of bonding a wire to a first bonding
target at a first bonding point of wire bonding;

a loop formation step of moving the wire from the first
bonding point to a second bonding point while the wire
is fed to form a predetermined loop;

a second bonding step of bonding the wire to a second
bonding target at the second bonding point; and

a nonsticking monitoring step of monitoring a connecting
state of the wire and determining whether or not the
connecting state changes, the monitoring and the deter-
mination being made based on a continuous response to
a continuous application of a predetermined electrical
signal between the wire held by a capillary and a
bonding stage for supporting the first bonding target
and the second bonding target over an entire period
from a period before the first bonding step to a period
after the second bonding step, the predetermined elec-
trical signal being the same over the entire period from
the period before the first bonding step to the period
after the second bonding, wherein

the nonsticking monitoring step is a step of

monitoring the connecting state of the wire and determin-
ing whether or not the connecting state changes, based
on one of a change in a capacitance value and a
presence of an electrically short circuit between the
wire and the bonding stage, and the nonsticking moni-
toring step comprises:
taking a stable value of the continuous response during

the period before the first bonding step as a first
reference value, the connecting state between the
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wire and the first bonding target is determined to be
defective when a value of the continuous response at
the first bonding point remains the first reference
value, and the connecting state between the wire and
the first bonding target is determined to be non-
defective when the value of the continuous response
at the first bonding point is different from the first
reference value;
taking a stable value of the continuous response when
the first bonding step is completed as a second
reference value, the connecting state of the wire is
determined to be defective when a value of the
continuous response during the loop forming step is
different from the second reference value, and the
connecting state of the wire is determined to be
non-defective when the value of the continuous
response during the loop forming step is the same as
the second reference value;
taking a stable value of the continuous response during
the loop forming step as a third reference value, the
connecting state between the wire and the second
bonding target is determined to be defective when a
value of the continuous response at the second
bonding point is the same as the third reference
value, and the connecting state between the wire and
the second bonding target is determined to be non-
defective when the value of the continuous response
at the second bonding point is different from the third
reference value; and
taking a stable value of the continuous response when
the second bonding step is completed as a fourth
reference value, the connecting state of the wire is
determined to be defective when a value of the
continuous response during a period from the second
bonding point to a point at which a disconnection of
the wire is completed is different from the fourth
reference value, and the connecting state of the wire
is determined to be non-defective when the value of
the continuous response during the period from the
second bonding point to the point at which the
disconnection of the wire is completed is the same as
the fourth reference value.
8. The wire bonding method according to claim 1,
wherein the premature disconnection determination step
of determining that the capacitance value has decreased
or returned to the original value based on a differential
value obtained by differentiating the obtained capaci-
tance values with respect to time.
9. The wire bonding method according to claim 1,
wherein the first bonding step of bonding wire at the first
bonding point is performed according to a wedge
bonding method.
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